Introduction {#sec1-1}
============

Dental amalgam has widely been used for more than 150 years for restoring posterior teeth because of many advantages such as easy manipulation, low technique sensitivity, highly wearing resistance, low cost, durability and insolubility in oral fluids \[[@ref1]-[@ref4]\]. However, one of the most important drawbacks of amalgam restorations is lack of chemical adhesion to the tooth structure which can result in amalgam microleakage. Microleakage is defined as the penetration of microorganisms and toxins between the restoration and the walls of cavity preparation. Microleakage can cause tooth discoloration around the margins of restorations, secondary caries, restoration failure, postoperative sensitivity, pulpal pathology and partial or total loss of restoration \[[@ref1],[@ref5],[@ref6]\].

Many home electrical appliances and dental devices generate low frequency magnetic fields. These electromagnetic fields especially in electric appliances used near the head such as electric shavers, hairdryers, electric toothbrushes and light curing devices can induce electric current in dental metallic appliances and may cause problems. Over the past several years, our laboratories at the Ionizing and Non-ionizing Radiation Protection Research Center (INIRPRC) have expanded their focus on studying the health effects of exposure to some common and/or occupational sources of electromagnetic fields (EMFs) such as cellular phones \[[@ref7]-[@ref15]\], mobile base stations \[[@ref16]\], mobile phone jammers \[[@ref17]-[@ref19]\], laptop computers \[[@ref20]\], radars \[[@ref8]\], dentistry cavitrons \[[@ref21]\], MRI \[[@ref22],[@ref23]\], Wi-Fi routers \[[@ref24],[@ref25]\] and different coils \[[@ref26],[@ref27]\]. In dental clinics, light-cured resins polymerized by curing light sources, have been reported to produce low-frequency electromagnetic fields, are also widely used for both convenience and speed \[[@ref11]\]. Furthermore, the worldwide increase in mobile phone use has caused great concerns about the possible detrimental effects of microwave radiations emitted by these communication devices. Therefore, in this study, we first aimed to investigate the effects of exposure to low-frequency magnetic fields generated by light cure units and mobile phones on amalgam microleakage.

Material and Methods {#sec1-2}
====================

Teeth Samples {#sec2-1}
-------------

Eighty non-carious extracted premolar and molar teeth were selected. The fractured or defected teeth were excluded. After cleaning and surface debridement, the teeth were stored in saline solution for up to 3 months. Identical class V cavities (3 mm length, 5 mm wide, 2 mm deep) were prepared on the buccal surfaces at the cement-enamel junction using carbide burs (SS White Burs, Lakewood, NJ) and a high speed turbine with air-water spray using a template. To ensure cutting efficiency, a separate bur was used after every 6 cavity preparations. The cavities were restored with Cinalux (non-gama-2, spherical amalgam, Faghihi Dental, Tehran, Iran) amalgam. After triturating according to manufacturers' directions, the amalgams were condensed incrementally towards the cavity walls using small condensers. All the procedures for restoration of cavities including cavity preparation, burnishing and polishing were performed by the same clinician. The restored teeth were placed in saline solution at 37° C for seven days.

Exposure of Samples {#sec2-2}
-------------------

The samples were randomly divided into 4 groups of 20 samples each. The samples in the first group were not exposed to electromagnetic fields (control group), while the second and the third groups were exposed to electromagnetic fields produced by a commercial light cure device (Blue Light LA500, APOSA Enterprise Co., Taiwan), and mobile phone radiation (60 min), respectively. In this study, a GSM 900 MHz mobile phone simulator was used. This simulator was developed by the Department of Medical Physics and Biomedical Engineering, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran with the cooperation of private sector. During exposure, the temperature of samples was monitored. Samples were placed in the far field distance from GSM antenna to obtain uniform irradiation. The average *SAR = σ \|E\|^2^ / ρ* for the samples was calculated. The fourth group was exposed to electromagnetic radiations emitted by both mobile phone (60 min) and light cure device.

Post-Exposure Treatment {#sec2-3}
-----------------------

After exposure, all specimens were placed in 2 % basic fuchsin solution. Then, teeth samples were sectioned and scored for microleakage according to a standard dye penetration protocol by examination under a stereomicroscope.

Microleakage Evaluation {#sec2-4}
-----------------------

Two layers of nail varnish were applied to the entire teeth surfaces except for the restorations and 1 mm around them. The specimens were immersed in 2 % basic fuchsin dye solution (merck, Germany) at the room temperature for 24 hours and then they were rinsed in tap water and dried. A slow speed water cooled saw was used to section each tooth buccolingually. The section corresponding to the central portion of the tooth restoration was examined at the gingival, axial and occlusal margins under a stereomicroscope (Olympus. Tokyo, Japan) at 80× magnification by the examiner who was blinded to the groups. The degree of microleakage was evaluated according to a standard ranking in which \[[@ref6]\] 0= No dye penetration; 1= Dye penetration along the enamel; 2= Dye penetration along the dentine-enamel junction (DEJ) but not including the axial wall and 3= Dye penetration along the axial wall. ([Figures 1](#JBPE-9-227-g001.tif){ref-type="fig"}, [2](#JBPE-9-227-g002.tif){ref-type="fig"})

![Dye penetration through enamel, passing DEJ to dentin (score 3) in a sample tooth](JBPE-9-227-g001){#JBPE-9-227-g001.tif}

![No Dye leakage (score 0) in a control tooth](JBPE-9-227-g002){#JBPE-9-227-g002.tif}

The data were analyzed using Mann-Whitney U-test to compare microleakage in the case and control groups to identify any statistically significant differences at the significance level of 0.95(p value\<0.05).

Results {#sec1-3}
=======

The findings of this study are summarized in [Table 1](#T1){ref-type="table"}. As it is indicated in this table, the relative frequency of teeth samples with no dye penetration (Score 0) was 75% for non-exposed control samples, while the frequencies for those samples exposed only to light cure or mobile phone were 60% and 50%, respectively. This frequency for the teeth samples exposed to both of these radiations was as low as 30%. The mean score of microleakage in the fourth group (light cure + mobile phone) was significantly higher than that of the control group (P = 0.030). Moreover, the scores of microleakage in this group was significantly higher than that of the second group (light cure only) (P = 0.043). However, these scores were not significantly different in the third (mobile phone only) and fourth (light cure + mobile phone) groups.

###### 

The distribution of the scores in the control and exposure groups.

  Exposure/ (Group)                     Percent (%) of the scores             
  ------------------------------------- --------------------------- ---- ---- ----
  No Exposure ( Group1)                 75                          5    5    15
  Only Light Cure (Group 2)             60                          20   15   5
  Only Mobile Phone (Group 3)           50                          25   15   10
  Light Cure + Mobile Phone (Group 4)   30                          20   30   20

Discussion {#sec1-4}
==========

Altogether, the findings of this study showed that exposure of the teeth samples with amalgam restorations to either electromagnetic fields produced by light cure devices or those generated by mobile phones can lead to increased microleakage of amalgam restorations. Interestingly, it was also shown that exposure of the amalgam restorations to both of these radiations (light cure + mobile phone) induces a synergistic response which further increases the microleakage of amalgam restorations. In this study, we did not assess the release of mercury but it can be hypothesized that this kind of synergism may be observed for the release of mercury from dental amalgam fillings after exposure to electromagnetic radiation. In this light, further experiments are needed to clarify the health effects of this phenomenon.

Nowadays, many electrical dental appliances including personal devices such as electric toothbrushes and professional dental devices such as curing lights for light-cured dental resins are widely used because of their convenience. The electric circuit powers generate low-frequency electromagnetic waves that can induce electric currents in metallic objects in the oral cavity. Thus, the effects of these induced currents on human health have been of concern particularly because of their great proximity to the brain. Moreover, drastically increased number of mobile phone users during recent years has generated great concern too. Mortazavi et al. reported that radiofrequency radiation emitted from mobile phones significantly increased mercury release from amalgam restorations \[[@ref13]\]. Increase in the microleakage of dental amalgam restorations following exposure to electromagnetic fields of MRI has been reported in previous studies \[[@ref28],[@ref29]\]. Shahidi et al. have suggested that the increase in microleakage following MRI might be attributed to the thermoelectromagnetic convection induced by exposure to EMFs which was supposed to be responsible for the enhancement of diffusion process, grain boundary migration and vacancy formation resulting in microleakage. However, Mortazavi and Paknahad believed that the magnitude of temperature increase is not high enough to justify this theory \[[@ref30]\]. On the other hand, Akgun OA et al. did not indicate any statistically significant differences in the extent of microleakage in groups with or without MRI exposure \[[@ref31]\]. Our team also found that PEMF exposure generated by Helmholtz coil does not have adverse effects on microleakage of amalgam restorations. Moreover, we have recently found that that X-ray exposure increased microleakage of amalgam restorations \[[@ref32]\]. In the present study, it was revealed that amalgam microleakage was not significantly different in the light cure exposed group and mobile phone exposed group compared to the control group. However, microleakage was significantly higher in teeth exposed to both radiofrequency radiations emitted from mobile phone and light cure device.

It is worth noting that today mobile phones are much more frequently used for surfing the Internet than calling. In the present study, the authors have limited their experiments only to 2 modes (i.e. talk and off modes). Therefore, further investigations on the effect of other remaining modes of "standby" and "Talk+Wi-Fi" (talking using a mobile phone that is connected to Wi-Fi network) on microleakage of amalgam restoration are necessary.

Conclusion {#sec1-5}
==========

This was the first study which assessed the effect of exposure to radiofrequency of light cure devices and mobile phones on the microleakage of amalgam restorations. We theorized that exposure to radiofrequency heating and electromagnetic field of light cure device do not increase the microleakage of amalgam restorations. Therefore, regarding the significance of this challenging issue, further in vitro and in vivo studies are necessary to confirm this contention.
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